. Mechanism for the density change of melting/crystallizing phase transition in copolymer of SA and MA. Figure S2 . TEM images of S53M47G0.6 Figure S3 . Density measurement of gels at different temperatures Table S1 . Density of glycerol solutions (g/cm 3 ) Table S2 . Density of ethanol solutions (g/cm 3 ) Table S3 . Density of pure water (g/cm 3 ) Table S4 . Density of S53M47G0.6 at different temperatures Table S5 . Density of S82M18G0.6 at different temperatures ). This means that both floating and diving velocities of S53M47G0.6 is fast. If the content of SA is lower than 53 mol%, the floating rate is low, and the diving rate is high, and vice versa. In the case of S82M18G0.6, the content of SA is very high, so it is very sticky as temperature is above T m . This makes it convenient to fabricate composite mini-robot by sticking S82M18G0.6 and S53M47G0.6. The density of S82M18G0.6 is lower than that of water, which makes it possible to realize a stable 'stand up' pose during the 'bipedal walking' motion. In addition, the obtained samples are too brittle to use at room temperature when the content of SA is higher than 82 mol%. Therefore, we chose S53M47G0.6 and S82M18G0.6. The magnitude of the force generated to achieve the motions can be approximately speculated in terms of the density of water and hydrogels.
In the case of floating/diving motions of S53M47GO0.6 rod, (φ=1.8 mm, length=12 mm) ρ gel at 30 o C =1.01088 g/cm 3 , V rod = 3.14*(0.9 mm)^2*12 mm=30.52 mm 3 = 30.52*10 -3 cm 3 , F c = G -F b = ρ gel * V rod * g -ρ water * V rod * g = (ρ gel -ρ water ) * V rod * g = (1.01088 -0.99568 g/cm 3 ) * 30.52*10 -3 cm 3 * 9.8 mN/g = 0.0152 g/cm 3 * 30.52*10 -3 cm 3 * 9.8 mN/g = 4.546 *10 -3 mN = 4.546 μN As the increasing buoyancy resulting from the NIR laser is higher than 4.546 μN, the hydrogel rod will exhibit a floating motion.
Somersaulting motion of S53M47GO0.6 rectangular gel plate, (0.9×4.8×12.7 mm) ρ gel at 30 o C =1.01088g/cm 3 , V rec. = 0.9 mm * 4.8 mm * 12.7 mm= 54.86 mm 3 = 54.86 * 10 -3 cm 3 , F c = G -F b = ρ gel * (V rec. ) * g -ρ water * V rec. * g = (ρ gel -ρ water ) * V rec. * g = (1.01088 -0.99568 g/cm 3 ) * 54.86 * 10 -3 cm 3 * 9.8 mN/g = 0.0152 g/cm 3 * 54.86*10 -3 cm 3 * 9.8 mN/g = 8.172 *10 -3 mN = 8.172 μN . Based on torque balance, the required composite force for somersaulting motion F' c = F c *(L/2)/L = F c /2 = 8.172/2 μN = 4.086μN.
Rolling motion: Theoretically, any slightly increasing buoyancy in one side of the thick gel rod will break the torque balance, leading to a rolling motion.
Thus, the force generated to achieve the motions is in the magnitude of μN.
